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Abstract

Intra- and inter-specific feeding behaviour of three scorpion species: Mesobuthus tumulus (Fabricius, 1798),
Odontobuthus odonturus (Pocock, 1897), and Androctonus finitimus (Pocock, 1897) inhabiting Punjab, Pakistan, was
studied under laboratory and field conditions. Results of the study revealed that all three scorpion species were
cannibalistic. Mesobuthus tumulus attacked and fed more upon juvenile and sub- adults (medium- sized), scorpions.
They also consumed dead scorpions of their own species. Odontobuthus odonturus preferred to attack and consume
healthy adults and did not feed on dead scorpions. Androctonus finitimus aggressively attacked and consumed all
types of prey scorpions of its own species, except the dead ones. In inter-specific feeding experiment, M. tumulus
consumed healthy adults, injured adults, pregnant females and dead adults of O. odonturus. However, M. tumulus did
not consume any live A. finitimus but consumed its dead. Androctonus finitimus consumed all types of O. odonturus
and M. tumulus but did not feed on the dead ones. Results of feeding behaviour of A. finitimus and M. tumulus
recorded in the field were similar as observed in the laboratory. However, in the field, O. odonturus was observed to
rarely feed upon on members of its own species.
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INTRODUCTION

corpions are very primordial terrestrial

arachnids (Ozkan et al, 2007). They

inhabit a wide range of allocations and
are distributed in hot and dry environments
throughout the world except Antarctica (Isbister
et al., 2003; Vatanpour, 2003). Along with highly
venomous nature of scorpion venom (Ozkan et
al., 2006), their venom also contains a variety of
peptides (especially of low molecular weight)
having anti-inflammatory (Ahmadi et al., 2009),
bio-pesticidal (Menez, 1998; Zlotkin et al., 2000)
and anti-tumoral potentials (Cheong et al,
2010). Furthermore, scorpion toxins are useful in
treatment required to prevent the rejection of
organ transplants, pancreatitis, epilepsy (Wang
et al., 2001), anti-rheumatic activity (Nakajima et
al., 1991), cancer (Heinen and Da-Veiga, 2011),
pain (Liu et al., 2003), asthma and auto-immune
disorders (Cheong et al, 2010; Gao et al,
2010). Although scorpion venom is imperative

for medical and pesticidal research, their raring
for venom extraction is a difficult task. Like some
other arthropods, for example, spiders (Persons
and Uetz 2005; Segoli et al., 2008) and praying
mantis (Barry et al., 2008), scorpions are
cannibalistic and may prey upon members of
their own species. Thus far negligible work has
been done on scorpion cannibalism and most of
the reported studies concern feeding of the male
scorpion by female during or after mating. This
altruism strategy though helpful for males in
terms of gene transfer to the next generation,
significantly reduces the number of male
scorpions in the habitat (Buskirk et al., 1984).
Polis and Farley (1979) observed under
field conditions that female Paruroctonus
mesaensis (Scorpiones: Vaejovidae)
(Stahnke, 1957) become more aggressive than
male in breeding season and cannibalize male
before or after mating. A field study on scorpion
foraging behaviour conducted by Lighton (2001)
revealed that scorpions feed on small insects.
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Similarly, they also forage on juvenile scorpions
of their own species. Most of the research work
on scorpion cannibalism has been conducted
under field conditions. Also, almost all the
reported studies are on sexual cannibalism
(Polis and Farley, 1979; Colombo, 2011; Fox,
1975). Thus far, to the knowledge of the authors,
no systematic laboratory-observed work on
scorpion cannibalism has been documented in
the scientific literature. The present study was
aimed to investigate the intra- and inter-specific
foraging behavior in the laboratory as well as
under field conditions of three scorpion species,
Mesobuthus tumulus, Odontobuthus odonturus,
and Androctonus finitimus that occur in Punjab,
Pakistan.

MATERIALS AND METHODS

Test animals

Three common scorpion species, i.e.,
M. tumulus (Fabricius, 1798) (Kovarik, 2007), O.
odonturus (Lourenco and Pezier 2002) and A.
finitimus (Pocock, 1897) (Kovarik and Ahmed
2013) in Punjab, Pakistan, were selected for the
study. The juveniles, sub- adults (medium-
sized), and adult scorpions, ranging from 1cm to
10 cm in length, according to species, were
used for the study. Scorpions were identified
with the help of taxonomic keys and catalogues
provided by Kovarik and Ahmed (2009) and
Tikader and Bastawade (1983).

Scorpion collection

Experimental scorpions were field-
collected from different areas of Punjab,
Pakistan. Mesobuthus tumulus, were collected
from old muddy houses located in rural areas of
Sargodha (Chak # 34/SB 31.96° N, 72.86 ° E;
Bhagtanwala (Chak # 23A/SB) 32.04° N, 72.92°
E; Chak # 76/SB 32.07° N, 72.85° E; Chak #
24/SB 32.05° N, 72.96° E) and Mianwali (32.55°
N, 71.60° E. Odontobuthus odonturus were
collected from Jhang (Jhang 31.22° N, 72.31° E;
Malumor 31.13° N, 72.23° E; Mudduki 31.15° N,
72.31° E; Shorkot 30.87° N, 72.1°E) and
Sargodha (Dodha (31.98° N, 73.08° E) whereas
Androctonus finitimus were captured from
Shorkot (30.82° N 72.1° E) and Sargodha
(Dodha 31.99° N, 73.04° E).

Portable battery-operated ultraviolet
(UV) lamps (SOGO-JPN-139) were used to
collect live scorpions of all three species at
night. Sampling and the cannibalism

experiments were conducted from May to
September, 2013, 2014 and 2015.

Stocking the scorpions

Field-collected scorpions were stocked
according to their size and gender. Round
bottom flasks (1000 ml) were used for the
stocking. The juvenile, sub- adults (medium-
sized), adults, and injured adults (injured during
handling), adult females (those containing eggs
or baby bearing females) and dead scorpions
were stocked in separate flasks. Small quantity
of sand was provided in the flasks. All flasks
were covered with mesh cloth and were
maintained in the laboratory under 33-38°C. 40-
50% relative humidity, and 10:14 hours (L:D
cycle).

Raring the scorpions

In the raring process in the laboratory,
every field-collected (from bulk) pregnant female
scorpion (containing eggs in their womb) was
stocked separately in the 1000 ml round bottom
flask. The females of all three scorpion species
laid eggs and after 2-3 days juvenile scorpions
emerged from the eggs and attached
themselves to dorsal side of mother. After laying
eggs, mother scorpions were found hungry and
needed food so, female scorpions were fed at
their station level with house crickets, Acheta
domestica (Linnaeus, 1758), and houseflies
Musca domestica (Linnaeus, 1758). After 8-10
days of birth, baby scorpions were separated
from mother and stocked in different flasks.

Cannibalism experiments

In these experiments, cannibalistic
activities of the study scorpions were observed
both among the same species as well as among
different species. Additionally, cannibalistic
behaviour was also studied directly under field
conditions.

Cannibalism study among the same species

For this experiment, juvenile
(approximately 1 cm long), sub- adults (medium-
sized), (3-4 cm in length), and adult scorpions
(7.7-11 cm long) were selected as prey. Adult
prey scorpions were further divided in to four
categories i.e., healthy adults, pregnant females,
injured adults, and dead adults. After this six
1000 ml round bottom flasks were taken and
numbered from 1 to 6. One healthy adult
scorpion, i.e., M. tumulus was placed in each
experimental flask and was considered as the



INTRA- AND INTER-SPECIFIC FORAGING IN THREE SCORPION SPECIES 71

predator. Before initiating the experiment
predator scorpions were fed to the satiation level
and thereafter were starved for seven days to
standardize their hunger level. Twenty juvenile
(about10 days old) scorpions were added as a
prey in 18t experimental flask. Similarly, ten
medium sizes, five healthy adults, five pregnant,
five injured adults and five dead adult scorpions
were respectively added to the 2nd, 3rd, 4th 5t
and 6™ experimental flasks. The number of prey
consumed by the predator scorpions was
recorded after every 12 hours for 144 hours. The
experiment was repeated five times. Identical
procedure was used for testing the other two
scorpion species, O. odonturus and A. finitimus.
Predator scorpions were marked with black ink
for their identification. It was also ensured that
the prey scorpions were not hungry before using
them in the experiment. For this purpose, the
prey scorpions were fed on house crickets and
houseflies to their saturation level. In this
experiment, the control flasks (n=6) contained
only different prey types but no scorpion.

Cannibalism study on different scorpion
species

This experiment was divided into three
sets. In the first set, M. tumulus was considered
as predator and the other two species, O.
odonturus and A. finitimus as prey. Eight round
bottom flasks (each1000 ml capacity) were
divided into two groups (I &ll), with each group
containing four flasks. Flasks were numbered |
to IV. One healthy adult predator (M. tumulus)
was added into each flask of both groups.
Healthy adult scorpions (n=5) pregnant females
(n=5), injured adults (n=5), and dead adult
scorpions (n=5) of O. odonturus were added into
flasks I, II, Il and 1V, respectively in flasks in
group 1. Similarly, healthy adult scorpions (n=5)
pregnant females (n=5), injured adult (n=5), and
dead adult scorpions (n=5) of M. tumulus were
introduced respectively into flasks I, II, lll and IV
in group 2. In second set of experiments, O.
odonturus was used as predator and M. tumulus
and A. finitimus as the prey scorpions. In the
third set of the experiment, A. finitimus was used
as predator and M. tumulus and O. odonturus as
prey scorpion species. Other experimental
protocol was the same as described above for
M. tumulus. All experiments were replicated
thrice.
Field observations for scorpion cannibalism

Cannibalistic activities of the three
experimental scorpion species, M. tumulus, O.

odonturus, and A. finitimus were also observed
directly in the field. For this purpose, scorpion-
rich field habitats were selected (Sargodha i.e.,
Dodha 31.99° N, 73.04° E; Midh Ranjha 32.05°
N 73.13° E; Chak # 34/SB 31.96° N, 72.86 ° E;
Bhagtanwala (Chowki Bhagat) 32.04° N, 72.92°
E; Chak # 76/SB 32.07° N, 72.85° E and Jhang
31.22° N, 72.31°;, Shorkot (30.82° N, 72.1° E). A
team of three persons perform this activity.
Portable UV lamps were used for locating the
scorpions at night. Preying and cannibalistic
behaviour was observed by using LED flash light
(SOGO-JPN-75). The study was conducted
between 8 to 11 PM during May to September
2013, 2014, 2015.

RESULTS

Cannibalism behavior among the same
scorpion species

Results of this experiment showed the
presence of cannibalism in all three studies
scorpion species. Mesobuthus tumulus attacked
and fed more on juvenile and sub- adults
(medium-sized) scorpions compared to healthy
adults, injured adults or pregnant females (Fig.
1); this species consumed lesser number of
dead scorpions compared to the two other
scorpion species. Odontobuthus odonturus was
observed to prefer attacking and consuming
healthy adults. (Fig. 2) and did not feed upon
dead scorpions. Androctonus finitimus was
found to be highly aggressive with significantly
higher cannibalism compared to the other two
scorpion species. Androctonus finitimus was
observed to attack and consume all types of
prey scorpions except for their dead ones (Fig.
3).

Foraging on different scorpion species

It is depicted in Table 1 that M. tumulus
consumed healthy adults, injured adults,
pregnant females and dead adults of O.
odonturus. However, M. tumulus did not
consume any live A. finitimus but consumed the
dead ones of this species (8%). Androctonus
finitimus consumed all types of O. odonturus
and M. tumulus. These scorpions did not feed
on dead ones.

Field observations
Higher cannibalism was noted in A.
finitimus during field study. It was observed that
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72
Juvenile and sub- adults (medium- sized), engagement and the looser was eventually
scorpions were easier prey for adult A. finitimus. consumed by the  winner. Normally,
However, in case of two adult A. finitimus Odontobuthus odonturus did not leave their
encountering each other, one scorpion won the burrows, thus minimizing the probability of
battle after nearly 2-3 hours of severe countering each other.
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Figure 3.

Types of prey scorpion

Feeding of Mesobuthus tumulus on different prey types of same species. Bars and
error bars in the figure are representing mean percentage and strand error,
respectively.

Juvenile Medium Healthy Pregnant  Injured Adult Dead Adult
Adult Females

Types of prey scorpion

Feeding of Odontobuthus odonturus on different prey types of same species. Bars and
error bars in the figure are representing mean percentage and strand error,
respectively.

Juvenile Medium Healthy Pregnant Injured Adult Dead Adult
Adult Females

Types of prey scorpion

Feeding of Androctonus finitimus on different prey types of same species. Bars and

error bars in the figure are representing mean percentage and strand error, respectively.
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As a result cannibalism in A. finitimus is
rare in their natural habitat. Mesobuthus tumulus
habitats were diverse, they occurred solitary in
grassy fields; they were also found in old muddy
and brick houses in a sub-social state. Normally,

they did not attack each other when their prey
were abundant in the field/under bricks;
however, they only consumed member of their
own species when their prey were scarce.

Table I: Feeding study among different scorpion species

Predators Prey types

Healthy Adults | Injured Adults | Pregnant Females | Dead Adults
Set 1 Prey ( Odontobuthus odonturus)
Mesobuthus 8% (2/25) 8% (2/25) 20% (5/25) 4% (1/25)
tumulus
Androctonus 56% (14/25) 24% (6/25) 44% (11/25) 0% (0/25)
finitimus
Set 2 Prey (Mesobuthus tumulus)
Androctonus 36% (9/25) 16% (4/25) 44% (11/25) 0% (0/25)
finitimus
Odontobuthus 12% (3/25) 8% (2/25) 12% (3/25) 0% (0/25)
odonturus
Set 3 Prey (Androctonus finitimus)
Mesobuthus 0% (0/25) 0% (0/25) 0% (0/25) 8% (2/25)
tumulus
Odontobuthus 0% (0/25) 0% (0/25) 0% (0/25) 0% (0/25)
odonturus

DISCUSSION

In the present study, intra- and inter-
specific foraging behaviour of three most
common species of scorpions, A. finitimus, O.
odonturus and M. tumulus occurring in Punjab,
Pakistan, was observed. Members of all three
scorpion species consumed members of their
own species; and also fed upon scorpions of
other species.

Colombo (2011) studied the ecology of
Buthus occitanus (Amoreux, 1789) and
discovered that the members of this scorpion
species feed on juvenile and adults when
counter each other. Fox (1975) reported
cannibalism in different species of scorpions and
other arachnids. Our results showed that all the
three scorpion species attacked and consumed
more juvenile and sub- adults (medium- sized),
scorpions of their own species or other species.
This is not surprising as capturing, handling and
consumption of small-sized prey would be
easier. Also, it could be a strategy of the
predatory scorpion to save energy content that
could be consumed in fighting with adult
scorpions requiring more energy. Similar results
were reported by Polis and Farley (1979) who

showed that under field conditions scorpions
preferred to prey on small-sized scorpions, other
arachnids or insects.

Mesobuthus  tumulus preyed upon
juvenile and sub- adults (medium- sized),
scorpions as well as pregnant females and
injured adult scorpions. This  species
predominantly inhabits old muddy/brick houses
and were found almost in every village in the
study area. They live in sub-social conditions
and do not attack members of their own species
under normal circumstances but attack crickets
(Casper, 1985) and other insects (Mc-Cormick
and Polis, 1990) which become common prey of
M. tumulus as they are attracted to domestic
lights and then disperse in the muddy houses
becoming easy prey of M. ftumulus. However,
under circumstances of scarcity of their prey
animals, they may attack and consume
members of their own species.

According to previous reports, scorpions
consume only live scorpions (Brownell, 2001),
but the present study has revealed that M.
tumulus also consumed dead scorpions and
other insects as well for their survival when
striving and having no other prey options, It was
also noted during the present study that female
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M. tumulus after laying eggs become more
aggressive and feed on pregnant females, weak
adults or dead ones, perhaps for revival of their
energy level; however, O. odonturus and A.
finitimus did not show this type of foraging
behavior.

Relatively low level of cannibalism was
observed in the juvenile (up to 2 instar)
scorpions of all three species. Female scorpions
did not consume their baby scorpions attached
on their back. Furthermore, it was difficult for
other scorpions to attack the juveniles because
of the defensive behaviour of their mother.
Similar observations were reported by Benton
(1991) and Shaffer and Formanowicz (1996) in
scorpions, and Yip and Rayor (2014) in spiders.
Female consumed the male scorpions during
the sexual activity (Benton, 1993; Polis and
Farley, 1979); the present study revealed that
males of M. tumulus consumed females that
contained eggs in their belly because the egg
bearing M. tumulus become almost inactive
which reduces their defensive ability, making
them vulnerable to the hungry males.

Scorpions use substrate vibrations to
capture their prey (Brownell, 2001; Marina and
Kleber, 2006). Members of Odontobuthus
odonturus are active predators and produce
more vibrations during running and digging
burrows in sandy soils so, these substrate
vibrations could be a solid stimulus for other
adult scorpions for predation of vibration
producing scorpions. The present study is in
agreement with that of Brownell (2001) and
Marina and Kleber (2006). To confirm that
substrate vibrations are important for prey
detection by O. odonturus, dead prey were
offered in the present study but they were not
consumed by O. odonturus and this could have
been due to lack of vibratory cues.

Androctonus finitimus was the largest
scorpion among three studied scorpion species.
Our laboratory and field study suggested that
this species attacked very aggressively on
members of their own species and on different
scorpion species. The reason could be that the
members of A. finitimus were always found
solitary in their habitat; not found sub-social
conditions like that of M. tumulus. Similarly, their
habitat was not restricted to small specific patch
of sand dunes area like that of O. odonturus
(personal observations). So they spend their
maximum energy to search the prey. It was also
observed that the habitat, where A. finitimus
found, the prey populations were low as

compare to habitat of other two scorpion
species, O. odonturus and M. tumulus. So, they
try to capture everything equal or less than their
body size that produces vibrations to minimize
the uses of their energy.

When male adult A. finitimus contacted
female scorpion for mating purpose, the female
cannibalize the male after mating. This finding is
in agreement with the observations of Buskirk et
al. (1984) and Peretti et al. (1999). The reason
could be altruism himself by male scorpion for
continuation of his genes to next generation.
After mating, female scorpion requires more
protein for developing eggs. If the male would
not sacrifice himself then it would be necessary
for the female to search for other protein source
for devolving eggs and in this endeavor she
could become vulnerable as prey of other adult
scorpions. Therefore, to avoid the risk of
predation of the female, the male sacrifices
himself for cannibalism.

CONCLUSION

It is concluded that all three scorpion
species not only feed on other scorpion species
but also consume on the members of their own
species. So, in rearing process it is very
necessary to keep each scorpion in separate jar
to avoid cannibalism.
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